In order to develop a bactericidal agent which can operate under visible-light irradiation, silica gel-supported dihydroxo (tetraphenylporphyrinato) antimony (V) catalyst (SbTPP/Sio2) was prepared. Experiments to reduce concentrations of Legionella species were performed using a cylindrical SbTPP/SiO2-photocatalytic bactericidal apparatus in a cooling tower which held 8ooL of water. After 10 days, the concentrations of Legionella species were reduced to less than the detection limit, and these levels were kept until the irradiation was stopped. Also, a photocatalytic bactericidal experiment was conducted with a fountain that was filled with 13m3 of water. The concentrations of Legionella species were reduced to less than the detection limit 12 days after the SbTPP/SiO2 catalyst was installed in the fountain receiving sunlight irradiation. The concentrations of Legionella species were kept at less than 30 CFU/100ml for 3 months until the catalyst was removed from the fountain. Thus, visible-light irradiation of the SbTPP/SiO2 catalyst induced a remarkable bactericidal activity against Legionella species in the living environment.
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Legionella pneumophila has drawn much concern since the first outbreak of Legionnaires' disease in Philadelphia in 1976 (Chang and Yu, 1996) . Recently, large outbreaks of Legionnaires' disease have been reported in Portugal, Netherlands, and Spain (Correia et al., 2001; Den Boer et al., 2002; Fernandez et al., 2002; Lettinga et al., 2002) . The natural habitats for L. pneumophila are a wide range of aquatic bodies including lakes, streams, and artificially constructed aquatic reservoirs such as fountains and cooling-towers.
On the other hand, the photocatalytic treatments have received much attention as an environmentally friendly process to degrade organic compounds in contaminated water (Legrini et al., 1993) . From the standpoint of developing a visible-light driven photocatalyst we have focused on the high-valent metalloporphyrins complexes that have a strong absorption in the visible region. We have previously reported on the silica gel-supported dihydroxo (tetraphenyl-porphyrinato) antimony (V) (SbTPP/ SiO2) which was effective for the photochemical de chlorination of 4-chlorophenol . Moreover, our recent investigation has elucidated that SbTPP/SiO2 works as bactericidal agent against E. coil in aqueous solution under visible light irradiation (Yokoi et al., 2003) . In this study, therefore, we will report on the photocatalytic bactericidal activity of the SbTPP/SiO2 to reduce Legioneiia concentrations and our practical experiments involving a cooling tower and public fountain which can be found in our living environment. 
MATERIALS AND METHODS

Instruments
FIG. 3. A cylindrical type photo-bactericidal apparatus (A) was set in the cooling-tower (B). A leaf-type photobactericidal apparatus (C) was installed in the fountain (D).
cell numbers of Legionella species was carried out in the same manner as in the practical experiments in the cooling-tower.
RESULTS
AND DISCUSSION
Photocatalytic sterilization in L-type glass tube The bactericidal effect of SbTPP/SiO2 on Legionella species in L-type glass tubes was carried out under irradiation by fluorescent lamps. continuously kept at less than 30 CFU/100ml until the leaf-type apparatus was removed from the fountain on August 25 (Fig. 6B) . After the removal of the leaftype apparatus, the concentrations of Legionella species were gradually increased to reach 100 CFU/ 100ml, the environmental quality standard, 42 d after the removal of the leaf-type apparatus, as shown in Fig. 6B . In these practical experiments, it is noteworthy that 80g of SbTPP/b-SiO2 catalyst, i.e. 40mg of [SbTPP (OH) 2]+Br-chromophore, kept the concentration of Legionella species in 13m3 of water below 1000FU/100ml for 120 d.
Analysis of the catalyst Elemental analysis of the catalyst before and after its use was performed by atomic absorption and ICP (Table 1) . Before being used, the Sb content in SbTPP/b-SiO2 was measured to be 80ppm, which showed good agreement with the Sb content (72ppm) calculated for the 0.05wt% of SbTPP content in the catalyst. Contents of metals other than Sb in the catalyst were as follows: 67 (Na), 6 (Mg), 29 (Al), 12 (Ca), and 0.2ppm (Fe). After being used in the practical experiment for 3 months in the fountain, the Sb content deceased from 80ppm to 17ppm . On the other hand, Na, Mg, Al, and Ca largely increased, resulting in the occurrence of the ion-absorption on SiO2. Moreover, the analysis of the SbTPP/b-SiO2 catalyst used for the practical experiment in the fountain was performed by CLSM (Fig. 8 ) . It was found that the fluorescence come from the surface of the catalyst kept a shape similar to that of the original catalyst, but the intensity was weaker compared with the original spectra of SbTPP/b-SiO2. On the other hand, the fluorescence from the inside of the catalyst maintained its original intensity. Therefore, it is suggested that [SbTPP(OH)2]+ chromophore was eliminated from the surface of catalyst. Irradiation of fluorescent light on the SbTPP/b-SiO2 catalyst in deionized water did not entirely cause the spectral change and decrease of Sb-amounts. Therefore, it is strongly suggested that the cationic [SbTPP(OH)2]+ chromophore was exchanged with alkali metal ions in the bulk water on the surface of catalyst under irradiation. In conclusion, the SbTPP/b-SiO2 catalyst operated effectively to reduce Legionella concentrations under visible-light irradiation in the living environments. It is well known that the photocatalytic process by titanium dioxide (TiO2) has been widely applied to the disinfection and sterilization (Kuhn et al., 2003; Matsunaga et al., 1985; Saito et al., 1992; Theurich et al., 1996) as well as treatment of wastewater (Legrini et al., 1993) . However, TiO2 has only weak absorption in the visible region. It is, therefore, expected that the present visible-light bactericidal technique by the SbTPP/b-SiO2 catalyst will be one of the powerful methods to sterilize aquatic bodies of harmful microbes.
